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ABSTRACT 

The following project was conducted under the 

guidance of Dr. Shashikala NIT, Calicut. The 

stability of thin plate plays an important role in the 

design and strength check of ship structure. In 

order to study the shear stability of ship’s thin 

plates, in-plane shear buckling tests were carried 

out using a picture frame fixture and a 3D full-field 

strain measurement system. The critical buckling 

load, full-field displacement/strain information, and 

load-displacement curve were obtained. The finite 

element model with the frame fixture was 

established based on ABAQUS, with the 

eigenvalue buckling analysis and nonlinear 

buckling analysis being carried out to obtain the 

mechanical response information of the buckling 

and post-buckling of the ship’s thin plate. The 

effectiveness and accuracy of the numerical 

simulation method are verified by comparing the 

numerical simulation with the experimental results. 

On this basis, the critical buckling load obtained by 

shear test, numerical simulation, and theoretical 

calculation is analyzed, and the function of the 

frame shear fixture and its influence on the critical 

buckling load are defined. The research in this 

paper provides a useful reference for the testing and 

simulation of in-plane shear stability of ship’s thin 

plates. 

Keywords: shear stability, ship’s thin plate, full-

field strain measurement, buckling, nonlinear 

 

I. INTRODUCTION 
The stability of the plate has always 

played an important role in the design and strength 

check of the ship’s structure. A large number of 

marine accidents show that the damage of ship 

structure is usually not caused by insufficient 

strength, but due to the loss of stability. When the 

overall longitudinal bending or torsion of the hull 

occurs, the hull plate may be subjected to axial 

compression load or shear load. When the axial 

compressive stress or shear stress reaches a certain 

value, the hull plate will be unstable [1-2]. The 

stability of thin-walled structures has always been a 

focus of scholars at home and abroad [3-456]. 

Previous studies have focused on buckling and 

post-buckling of the stiffened plates. In literature 

[7], the trigonometric function was used to simulate 

rotational restraining rigidity of stiffener, and Ritz 

method was used to establish an analytical model 

for the local skin buckling problem of riveted 

stiffened panels under uniaxial compression. In 

literature [8], a rectangular plate model with 

inclined stiffener was used to simulate the pure 

shear stress state of the wedge-shaped webs, and its 

elastic buckling was numerically analyzed. In 

literature [9], eigenvalue buckling analysis and 

nonlinear buckling analysis were performed for 

marine composite stiffened plates based on a 

numerical method and finite element calculation. 

X. Shi (2005) used the commercial finite element 

software, NASTRAN, to analyze the stability of 

composite panels[10]. Based on mechanical 

experiments and numerical simulation, Y. Peng, et 

al.(2020) studied the buckling and post-buckling 

behavior of the al-li alloy stiffened panel under 

shear load[11]. In the study of plate stability, 

Roberts and Azizian (1984) used the finite element 

method to analyze the elastic buckling of a square 

plate with holes under in-plane loads. In literature 

[12], the ABAQUS software was used to analyze 

the ultimate strength of the hull panel model under 

axial pressure. In literature [13], the elastic 

buckling and postbucklingbehaviors of unstiffened 

panels under complex stress states were analyzed 

and compared with the empirical formula and 

American Bureau of Shipping specification. L. Sun 

(2014) applied near field dynamics to the analysis 

of the stability of metal plates under axial 

compression[14]. In literature [15], the Galerkin 

method was used to solve the elastoplastic buckling 

problem of rectangular plates under shear stress. In 

literature [16], the buckling problem of anisotropic 

rectangular plate under shear stress was solved by 
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differential quadrature method. In literature [17], 

the differential equation of transverse displacement 

function in shear buckling of rectangular plate was 

established, and the determinant of coefficient 

matrix of homogeneous linear algebraic equation 

was simplified by using the point distribution 

method and antisymmetric characteristics of 

buckling deformation, and the analytical solution of 

critical buckling load of rectangular plate was 

obtained. Pham (2017) studied the shear buckling 

of a plate with holes by using the finite strip 

method and proposed an approximate formula for 

the shear buckling coefficient of a square plate with 

central circular holes and square holes[18]. Local 

rectangular thin plates under shear stress are widely 

used in engineering structures such as ships and 

buildings and buckling instability of local plates 

has become one of the main forms of engineering 

structural failure. In the past, there had been many 

studies dedicated to tensile, compressive, and 

bending load conditions. It is difficult to test the 

buckling instability of local rectangular plates 

under shear stress. The Galerkin method, 

differential quadrature method, analytical method, 

and finite element method were mainly used to 

solve the problem. The analytical solutions need 

programming operations. Finite element simulation 

[19-20] can avoid complicated programming for 

buckling analysis, but the calculation accuracy is 

limited to the design accuracy of the model and 

boundary conditions. Additionally, these methods 

need to be supported by mechanical experiments. 

Therefore, this paper focuses on the buckling 

characteristics of a ship’s thin plates under in-plane 

shear loading by means of mechanical experiments 

and numerical simulation. A picture frame fixture 

was designed and manufactured, and a diagonal 

tensile method was used to conduct the shear test 

on square thin plates. In the numerical simulation, 

eigenvalue analysis method and nonlinear analysis 

method were used to study the buckling behavior of 

ship’s thin plates. The effectiveness of the 

numerical method was expected to be verified 

through the comparative analysis of mechanical 

experiments and numerical simulation. Meanwhile, 

the effect of the frame fixture and its influence on 

the critical buckling load were studied. The 

experiment and numerical simulation method will 

provide an effective reference for the study of in-

plane shear stability of ship’s thin plates.  

 

SHEAR TEST 

The ship’s side plate is the main 

component of hull structure to resist shear load and 

must meet the requirements of shear stability. 

Generally, the boundary of the hull plate is 

supported by strong structures (such as hull 

longitudinal, bulkhead, etc.). When the supporting 

unit on the opposite side of the hull plate is 

relatively displaced, the hull plate will be subjected 

to shear load. Because the stiffness of the boundary 

support element is much larger than that of the 

plate, even if the plate element loses stability, the 

deformation of the support element on the opposite 

side along the edge of the plate is very small. It can 

be considered that the four sides of the plate are 

subjected to uniform shear force. Based on this 

working mode, the restraint condition of the 

support element on the thin plate should be fully 

considered in the shear stability test. 

 

TEST PLATE 

The thin plate is one of the most common 

structural plate elements in the ship structure. 

Among them, the square with a side length of 310 

mm is the shear area, and there are loading areas 

with a width of 40 mm around the shear area. There 

are multiple holes in the loading area to ensure 

uniform force. The thickness of the test plate is 1 

mm, the material is ordinary marine steel, the 

elastic modulus is 210 GPa, and the Poisson’s ratio 

is 0.3. The stress-strain relationship of the test 

material was measured by tensile test.  

 

INSTRUMENTATION/EQUIPMENT 

DETAILS AND TEST PROCEDURE 

The shear buckling test of the thin plate is 

a difficult structural test, which requires a 

reasonable fixture to transfer the shear load to the 

test plate. In this paper, a picture frame fixture 

using a diagonal tensile method was adopted. The 

four sides of the test plate are bolted to four pairs of 

shear plates, and the shear plates are hinged 

together at the top. When the testing machine is 

loaded, the tensile force P, provided by the testing 

machine, is decomposed into T xy along the shear 

test was carried out on a WDW100-100C electronic 

universal test machine, with a maximum load of 

100 kN and a continuous loading rate of 5 mm/min. 

In order to accurately measure the deformation of 

the plate surface, the XTDIC-CONST 3D full-field 

strain measurement and analysis system was 

applied to the test process. The surface of the test 

plate was sprayed with primer and speckle in 

advance, so that the change of displacement field 

and strain field on the surface of the test plate could 

be measured in real time.  
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NUMERICAL SIMULATION 

BUCKLING ANALYSIS METHOD 

Eigenvalue Buckling 

Linear buckling is also called eigenvalue 

buckling analysis. The buckling loads and buckling 

modes of the structure can be obtained by 

calculating the eigenvalues of the singular stiffness 

matrix. The corresponding buckling load can be 

determined by the following linear generalized 

eigenvalue equation  

([ K0] + λ [K σ] {U}=0 

Where, [ K0] is the linear stiffness matrix 

of the structure, [Kσ ] is the geometric stiffness 

matrix of the structure, λ is the load scaling factor, 

and {U} is the lateral displacement vector. It can be 

seen from Equation (1) that the linear stability 

problem of the structure is the eigenvalue problem, 

and the corresponding critical load and instability 

mode can be obtained by solving the eigenvalue 

and eigenvector. 

 

NONLINEAR BUCKLING 

The nonlinear buckling theory is to 

establish the equilibrium equation on the structure 

configuration which changes constantly during the 

loading process. For the imperfect plate with initial 

geometric defects or the laminate with tension-

bending coupling effect, that is, under in-plane 

loading, the transverse displacement will appear 

from the beginning of loading and become a 

nonlinear bending problem. The governing 

equation is as follows: 

KT∆U= ∆P 

Where, KT , is the tangent stiffness matrix 

of the structure at a certain increment step, ∆P is 

the current external load increment of the structure, 

and ∆U is the current displacement increment of 

the structure.  

 

FINITE ELEMENT MODEL 

 In order to effectively simulate the test 

conditions, the finite element model was 

established based on ABAQUS. The plane 

continuous shell element S4R was used in test plate 

and fixtures. The S4R is a 4-node first order 

reduction integral element, which uses linear 

interpolation methods, allows finite film strain and 

large rotation angle, considers the influence of 

shear deformation, and is suitable for geometrical 

and material nonlinear analysis. The constraint 

conditions between the four groups of shear plates 

and the loading area of the test plate were set as tie 

binding constraints to simulate bolted connection. 

The hinge connection units were used to simulate 

the effect of the hinge connection between the 

shear plate shaft hole and the pin. 

 

II. RESULTS AND DISCUSSION 
LOAD-DISPLACEMENT CURVES 

The load (P)-displacement (D) curve of 

the ship’s thin plate, where D represents the 

displacement difference between the upper and 

lower diagonal points of the plate. As can be seen 

from the graph, the trend and results of the 

experiment and simulation are consistent. By 

comparing and analyzing the test and simulation 

results, it is found that as the load increases, there 

are obvious linear segments in the test and 

simulation curves, and the linear segment of the 

simulation curve has a longer duration and a greater 

slope. When the load increases to point A (P ≈ 

15.04  kN), the structure produces buckling 

instability, the slope of load-displacement curve 

changes suddenly, and the structure stiffness begins 

to decrease. As the load continues to increase, the 

load-displacement curve remains approximately 

linear until the load increases to point B (P ≈ 26.02 

kN), at which time the maximum stress in the plate 

exceeds the yield limit of the material, and the 

structure begins to exhibit plastic deformation. 

With the increase of the plastic deformation area, 

the linear relationship of the loaddisplacement 

curve disappeared. When the load increases to 

point C (P ≈ 35.68kN), the slope of the curve 

changes greatly, and the structure stiffness 

decreases. After that, the slope of the curve 

changed relatively gently. Only when the load 

increases to point D (P ≈ 62.30kN), a small abrupt 

change occurs, and the structure stiffness decreases 

again. Based on the simulation curve, the key 

moments of the four slope sudden changes of A, B, 

C, and D can be extracted. In order to further verify 

the validity of the finite element results, the test 

results of the above four key moments under the 

same load are analyzed emphatically. 

 

FULL-FIELD DISPLACEMENT AT 

CRITICAL MOMENTS 

Based on the DIC full-field strain 

measurement system, full-field displacement 

information at the four key moments of A, B, C, 

and D during the shear test were extracted and 

compared with the numerical simulation. It is found 

that the displacement distribution of finite element 

simulation and experimental measurement results 

are basically the same. The normal displacements 

of the horizontal and vertical diagonals extracted 

from the experiment and simulation are shown in 

Fig. 8. The numerical simulation results of the four 
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key moments A, B, C, and D are basically 

consistent with the experimental values, and the 

curve change trend is consistent. On the vertical 

diagonal, there is a half wave symmetric along the 

horizontal diagonal of the plate, and the 

displacement of the center point of the wave is the 

largest and gradually decreases towards both ends. 

There are three half waves on the horizontal 

diagonal, the waveform is symmetrical along the 

vertical diagonal, there is a large wave at the center 

point, and there are two wavelets symmetrically on 

both sides. The amplitude of the three waves 

increases as the load increases. 

 

CRITICAL BUCKLING LOAD 

Usually, the load at the first abrupt slope 

of the load displacement curve is taken as the 

buckling instability load (Pcr) of the structure. The 

buckling time of the test plate can also be observed 

and judged by the strain bifurcation method, that is, 

the load at the bifurcation point of the strain-load 

curve is used as the critical buckling load of the 

structure. In order to obtain a more accurate 

buckling instability load,are designed on the front 

and back sides of the plate. The vertical and 

horizontal diagonal lines of the plate are divided 

into eight equal parts. Considering the symmetry of 

the test plate, the equal points in the upper left 

quarter region are taken, and the corresponding 

strain-load curve was extracted. The points 0, 3, 4, 

5, and 9 are located on the front of the plate, while 

the points 0’, 3’, 4’, 5’ and 9’ are on the back of the 

plate. 

 

INFLUENCE OF THE PICTURE FRAME 

FIXTURE 

In the study of the shear stability of thin 

plates, we usually think of obtaining the buckling 

and post-buckling performance of the plates when 

it is subjected to pure shear load. However, in the 

actual test, an auxiliary fixture must be used. The 

fixture will also deform during the stress process. 

Therefore, when the plate buckles, the load 

measured by the testing machine is not the true 

buckling load of the plate. The fixture is related. 

That is to say, in the shear test process, the picture 

frame fixture not only transmits the load, but also 

participates in the deformation of the structure, and 

shares part of the load, so the load recorded by the 

testing machine includes both the load that causes 

the plate to buckle, and the load that causes the 

deformation of the fixture. Therefore, the critical 

buckling load of the plate after using the fixture is 

greater than that under pure shear condition. To this 

end, the influence factor λ of picture frame fixture 

is proposed to characterize the influence of the 

fixture on the critical buckling load of the thin 

plate, and the relationship between numerical 

simulation and theoretical calculation or finite 

element simulation without fixture is established by 

λ. 

 

III. CONCLUSIONS 
Based on mechanical experiment and 

numerical simulation, the in-plane shear stability of 

ship’s thin plates was investigated, the buckling and 

post-buckling behavior, and the influence of the 

picture frame fixture on the shear instability of the 

rectangular thin plate were explored. 

Themechanical response characteristics of load-

displacement curves, load-strain curves, critical 

buckling loads, full-field deformation, and 

influence factor of the picture frame fixture were 

obtained. By comparing the numerical simulation 

with the mechanical tests, the following 

conclusions are drawn: Based on ABAQUS, 

eigenvalue buckling analysis and nonlinear 

buckling analysis were carried out on the finite 

element model with the picture frame fixture. The 

critical buckling load, full-field displacement, and 

strain obtained by simulation are in good 

agreement with the results of full-field strain 

measurement system of DIC, which proves the 

effectiveness and accuracy of the numerical 

simulation method. By comparing and analyzing 

the critical buckling load obtained by the three 

methods of shear test, numerical simulation, and 

theoretical calculation, it is concluded that the 

critical buckling load obtained by eigenvalue 

analysis method is higher than the test result, 

because the nonlinear and structural defects of the 

structure are not considered. The nonlinear 

buckling analysis method makes up for the 

shortcomings of linear buckling analysis, so the 

critical buckling load obtained is the closest to the 

test result. The error between the theoretical 

calculation result and the test value is the largest, 

because the theoretical formula is for the ideal 

shear condition with uniform shear force on the 

four sides, while the experimental and simulation 

results both consider the influence of the picture 

frame fixture. The stress field provided by the 

picture frame fixture is quite different from that of 

pure shear. After the picture frame fixture is 

adopted, the buckling load of the structure will be 

greater than the buckling load of the thin plate 

under the ideal shear condition. Considering that 

the stability of thin plate is sensitive to boundary 

condition, the influence of the picture frame fixture 

must be considered in the numerical simulation of 
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the in-plane shear stability test to ensure the 

validity of simulation result. In this paper, the 

influence factor λ of the picture frame fixture is 

defined to represent the influence of this fixture on 

the critical buckling load of the thin plate, and the 

relationship between numerical simulation and 

theoretical calculation or finite element simulation 

without fixture is established through λ. 
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